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INTRODUCTION 


SUMMARY 


Disseminated intravascular coagulation (DIC) is a condition in 
which systemic activation of coagulation without a specific localiza- 
tion occurs, resulting in extensive formation of intravascular fibrin, 
particularly in small and midsize vessels. Disseminated intravascular 
coagulation may lead to several altered coagulation parameters, 
including a low platelet count, abnormal global clotting assays, low 
levels of physiological anticoagulant proteases, or increased fibrin 
degradation products. Also, more complex assays for activation of 
coagulation factors or pathways may indicate involvement of these 
molecules in DIC. None of these tests alone, however, can accu- 
rately ascertain or rebuff a diagnosis of DIC. Nonetheless, a combi- 
nation of readily available routine assays may be instrumental in 
establishing a diagnosis of DIC and can also be useful to point to a 
subset of patients with DIC that may need definite, often costly, 
interventions in the hemostatic system. Current insights on rele- 
vant etiological pathways that may contribute to the occurrence of 
DIC have led to innovative therapeutic and adjunctive approaches 
to patient with DIC. Management options directed at the ameliora- 
tion of hemostatic activation may tentatively be indicated and were 
found to be advantageous in experimental and clinical investiga- 
tions. These treatments encompass elimination of tissue factor-medi- 
ated thrombin generation or restitution of normal anticoagulant 
function. 


coagulation inhibitors and amplified by decreased 
physiological fibrin-degrading potential, may result in 


Disseminated intravascular coagulation (DIC) is an 
intense manifestation of hemostatic activation that 
may occur in a variety of clinical settings, most of 
which imply some degree of local or widespread 
inflammation. Activation of coagulation in the 
systemic circulation, inefficiently counteracted by 
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fibrin formation in small and midsize vessels and 
microvascular thrombotic microangiopathy [l]. The 
substantial and continuing thrombin generation may 
result in exhaustion of coagulation proteases and 
platelets, leading to an increased risk of serious hem- 
orrhagic complications, which sometimes may be the 
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most impressive clinical presentation. Currently, most 
etiological factors in DIC have been identified, which 
may lead to a more accurate diagnosis of the disorder. 
Nevertheless, the precise diagnosis of DIC may be 
tricky, as most assays demonstrate exhaustion of coag- 
ulation proteases or indicate thrombocytopenia, while 
biomarkers that indicate specific activation of a coagu- 
lation factor or pathway are mostly inaccurate and are 
often not accessible in most hospitals on a 24 h basis 
[2, 3]. In this overview, we will discuss both widely 
available and more complex laboratory assays that 
may be helpful in the diagnosis of DIC. 

With growing understanding that the simultaneous 
activation of systemic inflammatory activity and acti- 
vation of hemostasis may lead to organ failure in criti- 
cally ill patients, the adjunctive management of DIC 
has been intensely studied recently [4]. Current 
thinking about the pathophysiology of DIC has 
resulted in novel strategies directed at inhibiting the 
initiation or propagation of fibrin formation. The most 
important therapeutic options will be reviewed in this 
study. 


LABORATORY FINDINGS IN DIC 


Platelets 


Low platelets or a rapidly developing thrombocytope- 
nia is a central characteristic of DIC (Table 1). As a 
platelet count of <150 x 10°/L in intensive care 
patients frequently occurs [5, 6], a low platelet count 
is not a specific feature of DIC. Moderate-to- 
severe thrombocytopenia (platelets <100 x 10°/L) is 
observed in the majority of patients with DIC, 
whereas a smaller proportion of patients (about 10— 
15%) have severe thrombocytopenia (<50 x 10°/L). 
In critically ill postoperative patients with DIC, throm- 
bocytopenia (<100 x 10°/L platelets) occurs in >80% 
[7]. The importance of a low platelet count in DIC is 
associated with an increased risk of hemorrhagic com- 
plications, especially patients with a thrombocytopenia 
of <50 x 10°/L have a fourfold to fivefold increased 
risk for hemorrhage in comparison with patients with 
normal platelet numbers, above all when the patient 
uses antithrombotic agents [5]. The risk of intracranial 
hemorrhage in patients with DIC is relatively modest 
(0.3-0.5%), but more than 85% of patients with DIC 
with this event, a moderate or severe thrombocytope- 
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Table 1. Routine laboratory value abnormalities in 
DIC 


Causes other than DIC 


Test Abnormality contributing to test result 
Platelet Decreased Sepsis, impaired production, 
count major blood loss, 
hypersplenism 
Prothrombin Prolonged Vitamin K deficiency, liver 
time failure, major blood loss 
aPTT Prolonged Liver failure, heparin 
treatment, major blood loss 
Fibrin Increased Hematoma 
degradation 
products 
Protease Decreased Liver failure, capillary 
inhibitors* leakage 


*e.g., protein C, AT, protein S. 


nia (<100 x 10°/L) is present. In spite of the origin, a 
low platelet count is an independent prognostic factor 
in ICU survival with a relative risk of 2—4 in various 
investigations [5], especially, a sustained low platelet 
count during more than 4 days after admission to a 
critical care department or a worsening thrombocyto- 
penia during admission of a critically ill patient is 
related to a fivefold increased risk of death [5, 8]. 


Coagulation factors and global clotting times 


Ongoing activation and subsequent exhaustion of 
coagulation proteases results in decreased concentra- 
tions of these factors in patients with DIC (Table 1). 
Also, reduced production of clotting factors, caused by 
attenuated liver function and/or shortage of vitamin 
K, and simultaneous coagulation factor reductions, 
due to substantial hemorrhage, may be important in 
DIC (Table 2) [9]. Despite the fact that the preciseness 
of one-stage clotting measurements in consumption 
coagulopathies has been debated (due to interference 
with activated coagulation factors in the assay), the 
concentration of clotting factors seems to show a fairly 
good relationship with the intensity of DIC. The 
reduced level of clotting factors is readily detected by 
abnormal coagulation screening tests, including the 
prothrombin time (PT) or the activated partial throm- 
boplastin time (aPTT). An abnormal PT or aPTT can 
be found in 15-30% of critically ill patients and 
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Table 2. Differential diagnosis of suspected DIC 


Differential diagnosis Additional diagnostic clues 


DIC Prolonged aPTT and PT, increased 
fibrin split products, low levels 
of physiological anticoagulant 
factors (antithrombin, protein C) 

Major bleeding, low hemoglobin, 
prolonged aPTT and PT, 

Schistocytes in blood smear, 
Coombs-negative hemolysis, 
fever, neurologic symptoms, 
renal insufficiency, coagulation 
times usually normal, 
ADAMTS13 levels decreased; PT 
and aPTT normal 

Use of heparin, venous or arterial 
thrombosis, positive HIT test 
(usually ELISA for 
heparin-platelet factor IV 
antibodies), rebound of platelets 
after cessation of heparin; 
coagulation times usually 
normal; PT normal (aPTT may be 
prolonged due to heparin) 

Vitamin K deficiency PT prolonged, aPTT normal or 
slightly prolonged, normal 
platelet count 

PT and aPTT prolonged, platelets 
(moderately) low, liver test 
abnormalities, hypersplenism, 
jaundice 


Massive blood loss 


Thrombotic 
microangiopathy 


Heparin-induced 
thrombocytopenia 


Liver insufficiency 


occurs in the vast majority of patients with DIC [10]. 
However, it should be mentioned that overall clotting 
assays, such as the PT and aPTT, not very well mirror 
in vivo coagulation. Nevertheless, these assays are a 
readily available means to swiftly assess the level of 
one or more clotting factors [11]. Usually, global clot- 
ting assays will become abnormal if the concentration 
of clotting proteins is <50% and for some reagents 
only <30-40%. This is important because the concen- 
trations of clotting factors, that are required for correct 
functioning of coagulation, are approximately in the 
range of 25-50%. Various reagents may produce 
highly variable normal values and abnormal levels. 
Because of this, a growing number of laboratories are 
employing the international normalized ratio (INR) as 
a substitute of the PT. The advantage of enhanced 
comparability between centers, however, should be 
offset against the fact that the INR has not been 


developed as a screening test for clotting abnormalities 
[12, 13]. 

In contradiction to most other coagulation factors, 
plasma concentrations of factor VIII are markedly 
increased in most patients with DIC, presumably 
caused by substantial release of von Willebrand factor 
from vascular endothelial cells and acute phase prop- 
erties of factor VII. Previous investigations have direc- 
ted at a relative deficiency of the von Willebrand 
factor cleaving protease ADAMTS-13, which may 
result in increased levels of very large von Willebrand 
multimers in plasma, promoting platelet-vessel wall 
binding and the ensuing occurrence of a thrombotic 
microangiopathic condition, which may also be a fac- 
tor in organ failure [14]. 

In older literature, assessment of fibrinogen is often 
mentioned as a valuable assay to ascertain the pres- 
ence of DIC; however, this marker is not useful to 
establish DIC in the vast majority of patients. Fibrino- 
gen behaves as an acute phase protein, and therefore, 
its concentration can be completely normal for a long 
time despite massive consumption levels. The accu- 
racy of a low fibrinogen concentration in case of DIC 
was <30%, and low levels of fibrinogen were only 
established in patients with very serious consumption 
coagulopathies [15]. 


Markers for fibrin formation and degradation 


Assessment of soluble fibrin or fibrin fragments in 
blood can be useful to establish intravascular fibrin 
formation in DIC. Previous investigations have indi- 
cated that if the level of soluble fibrin was sufficiently 
high, a diagnosis of DIC could be ascertained [16, 17]. 
In the last 10 years, novel assays have become avail- 
able that are capable of quantitating soluble fibrin in 
blood and these tests have been studied for their util- 
ity in making a diagnosis of DIC [18, 19]. Theoreti- 
cally, soluble fibrin in blood can only result from 
intravascular fibrin formation, and this assay will not 
be affected by generation of fibrin outside the vascula- 
ture, as may be present during inflammation or 
injuries. 

Alternative assays that are commonly employed 
assess increased fibrin degradation products. Fibrin 
degradation products are present in >40% of critically 
ill patients, in 80% of patients with trauma and in 
virtually all patients with systemic inflammatory 
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response syndromes and associated consumption coag- 
ulopathy [20, 21]. Fibrin split products may be 
detected by specific immunoassays or by latex aggluti- 
nation tests, facilitating a swift point of care assess- 
ment in urgent situations. A disadvantage of the 
currently used tests for fibrin split products is that the 
assays do not distinguish products of degraded cross- 
linked fibrin from fibrinogen degradation, and this 
may produce falsely abnormal results [22]. As a result, 
the specificity of increased levels of fibrin split prod- 
ucts is not very high and these high levels may occur 
in a myriad of other situations, such as in postopera- 
tive patients, patients with major injuries, systemic 
infectious, or inflammatory states or thrombo-embolic 
disease. As fibrin split products are processed by the 
liver and released by the kidneys, levels of fibrin deg- 
radation products are affected by liver and renal func- 
tion. New generation fibrin split product assays are 
more precisely directed against specific neo-epitopes 
on degraded cross-linked fibrin. An example of these 
assays is the test assessing fragment D-dimer, which 
measures the presence of the plasmin-degraded cross- 
linked y-chain of fibrin. These assays probably more 
accurately distinguish degradation of cross-linked 
fibrin from degraded fibrinogen [20]. D-dimer concen- 
trations are increased in patients with DIC, but 
for example cannot discriminate patients with con- 
sumption coagulopathy from patients with venous 
thrombosis or pulmonary embolism, or postoperative 
patients. 


Natural anticoagulants 


Assessment of the activity of physiological anticoagu- 
lant pathways, such as the antithrombin system or 
the activated protein C system, may provide useful 
biomarkers for an ongoing consumption coagulopa- 
thy. Reduced concentrations of antithrombin or pro- 
tein C can be detected in about 50% of ICU patients 
and in 90% of patients with DIC [21, 23]. Antithrom- 
bin is the most important regulator of thrombin activ- 
ity and may be quickly depleted during sustained 
generation of thrombin. Concentrations of antithrom- 
bin have been demonstrated to be strongly correlated 
with mortality in critically ill patients with DIC. The 
reasons for the reduction in antithrombin levels are 
ongoing consumption, reduced production (due to 
a negative acute phase response), and neutrophilic 
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elastase-mediated breakdown of the protease inhibitor 
[24]. Impaired glycosaminoglycan presence at the vas- 
cular wall surface caused by the effect of inflamma- 
tory mediators on production by the endothelium 
may also play a role, as glycosaminoglycans may serve 
as natural heparin-like binders to antithrombin, 
inducing a conformational transformation of the anti- 
thrombin molecule. This may lead to different kinetics 
of antithrombin binding to thrombin, making anti- 
thrombin from a relatively inefficient to a highly 
effective regulator of thrombin activity. 

A low concentration of protein C may also be 
regarded as a marker for the intensity of the con- 
sumption coagulopathy. Sepsis with Neisseria meningiti- 
des results in extremely reduced levels of protein C, 
which is a crucial factor in dedevelopment of purpura 
fulminans [25]. Impairment of endothelial cell func- 
tion is another pathway leading to reduced activity of 
the protein C system in patients with consumption 
coagulopathies. Normally, protein C is activated by 
thrombomodulin at the endothelial surface after acti- 
vation by thrombin. The thrombin to thrombomodu- 
lin binding not only leads to an approximate 100-fold 
intensification of protein C activation, but also serves 
as a scavenging function for free thrombin thereby 
impeding the generation of fibrin and reaction of 
thrombin with cellular receptors on various vascular 
and circulating cells. Lastly, thrombomodulin affects 
fibrinolysis by amplifying the activation of plasma car- 
boxypeptidase thrombin-activatable fibrinolysis inhibi- 
tor (TAFI) [26]. Interaction of protein C with the 
endothelial protein C receptor (EPCR) leads to a sub- 
stantial increase in the activation of protein C [27]. 
The protein C system is seriously impaired during sys- 
temic inflammatory states, which is caused to mark- 
edly decrease expression of thrombomodulin on the 
vessel wall, as has also been confirmed in vivo in skin 
biopsies from with Gram-negative sepsis [28] Reduced 
concentrations of the cofactor protein S may further 
diminish the activity of the protein C system. Some 
studies have suggested that inherited thrombophilia 
may influence the incidence and severity of consump- 
tion coagulopathies but this has been debated by 
other observations [29]. 

Lastly, another regulatory system to control activa- 
tion of coagulation is the activity of tissue factor 
pathway inhibitor (TFPI), the main regulator of the tis- 
sue factor—factor VIIa complex. Tissue factor pathway 
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inhibitor is a Kunitz-type anticoagulant protein, 
which interacts with tissue factor bound to factor VIa 
and factor Xa. However, the precise function of TFPI 
in the control of coagulation activation secondary to 
inflammation has not yet been elucidated in full 
detail. Plasma concentrations of TFPI in patients with 
consumption coagulopathies are often moderately 
reduced [30]. Experimental and clinical evidence, 
however, points to the notion that the endogenous 
level of TFPI is probably inadequate to control throm- 
bin generation in DIC [31]. 


Clot dissolution 


In the early phase of DIC, an increase in plasminogen 
activators, in particular tissue-type plasminogen acti- 
vator (t-PA) and urokinase-type plasminogen activator 
(u-PA), results from release from perturbed endothe- 
lial cells and leads to plasmin generation. Soon 
hereafter, this plasmin generation is shut off by a 
long-lasting enhancement of plasma levels of plasmin- 
ogen activator inhibitor, type 1 (PAI-1) [32]. In 
patients with severe consumptive coagulopathies, this 
dynamic response in fibrinolysis can be detected by 
different assays. Concentrations of fibrin split prod- 
ucts, as discussed earlier, may ideally be regarded as 
marker of endogenous fibrinolysis but are in reality 
most strongly associated with coagulation activation. 
Fibrinolytic activity may be quantitated by assessment 
of plasma concentrations of plasminogen and its 
inhibitor o2-antiplasmin. Decreased concentrations 
may reflect exhaustion of these factors. The measure- 
ment of o2-antiplasmin concentrations may be most 
useful to assess the dynamics of fibrinolytic activation 
because of the relatively low concentration of this 
inhibitor in plasma and its high affinity for plasmin. 
As levels of «2-antiplasmin fall, alternative protease 
inhibitors, including antithrombin, «#2-macroglobulin, 
al-antitrypsin, and Cl-inhibitor can also become 
effective inhibitors of plasmin [33]. Direct assessment 
of plasmin generation can be made by assaying 
plasmin-o2-antiplasmin (PAP) complexes, which are 
indeed increased in patients with consumptive coagul- 
opathies [34]. The fibrinolytic shutdown in patients 
with DIC due to increased levels of plasminogen acti- 
vator inhibitor type I (PAI-1) can be assessed through 
measurement of this protein. Increased concentrations 
of PAI-1 are markedly associated with high mortality 


in patients with DIC [35]. Several investigations have 
demonstrated that a polymorphism in the PAI-1 gene, 
the 4G/5G mutation, affects plasma concentrations of 
PAI-1, but can be connected to the clinical course of 
patients with severe sepsis and secondary coagulopa- 
thy. Presence of the 4G/4G genotype was associated 
with considerably higher PAI-1 levels in blood and 
excess mortality [36]. 


Molecular biomarkers of DIC 


The extent of the derangement of coagulation in 
patients with DIC can be evaluated by measuring 
molecular biomarkers that are liberated upon the con- 
version of a coagulation zymogen to an active factor. 
Often employed markers are the prothrombin activa- 
tion peptide F1+2 (F1+2), or the small peptides that are 
released upon activation of factors IX or X [22]. Plasma 
concentrations of these peptides are significantly 
increased in patients with DIC. Increased levels of com- 
plexes between thrombin-and antithrombin may pro- 
vide insight into the extent of prothrombin to thrombin 
conversion as well. In addition, fibrin generation can be 
assessed by measuring concentrations of fibrinogen 
activation fragment fibrinopeptide-A (FPA) [37]. These 
molecular biomarkers may detect even minimal hemo- 
static activation and are highly sensitive in DIC. How- 
ever, their overall accuracy as a diagnostic test for DIC 
is presumably modest as most situations leading to criti- 
cal illness will result in vastly increased concentrations 
of these biomarkers. Another practical drawback of 
these assays is that they are not readily available in 
most centers, so that their use is restricted to research 
settings. Hence, despite the fact that these assays may 
be helpful for a better understanding of pathogenetic 
pathways leading to DIC or the evaluation of new ther- 
apeutic interventions, their application in routine clini- 
cal practice is quite modest so far. 


Bedside tests 


Thromboelastography (TEG) is a technique that has 
been around for many years but that has gained con- 
siderable renewed attention recently due to automa- 
tion and commercial employment. Contemporary 
versions, for example rotational thrombelastography 
(ROTEM) are increasingly employed in critically ill 
patients, including those with DIC [38]. The benefit of 
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TEG compared with usual coagulation parameters is 
that it includes an assessment of platelet function and 
of clot-dissolving potential. Procoagulant as well as 
anticoagulant states as indicated with TEG was dem- 
onstrated to have a good correlation with clinically 
important organ dysfunction and survival [39, 40], 
although its advantage over usual coagulation assays 
has not yet been confirmed [41]. Also, thrombelastog- 
raphy seems to be excessively susceptible to distinct 
hemostatic interventions, such as infusion of fibrino- 
gen concentrate, of which the therapeutic advantage 
has not been equivocally demonstrated. The accurate 
use of TEG for the diagnosis of DIC has not been rig- 
orously evaluated although supporters believe that 
the assay may be helpful for appraising the state of 
coagulation in patients with critical illness. 


Composite diagnostic systems for DIC 


Based on retrospective analyses of series of patients 
with DIC composite scores for the diagnosis of this 
coagulopathy have been devised by the International 
Society on Thrombosis and Hemostasis (ISTH) [42]. 
The system is based on readily available laboratory 
tests, that is, platelet count, PT, a fibrin degradation 
product (such as D-dimer), and fibrinogen levels. A 
diagnosis of DIC can be made when there are five or 
more points, while lower scores are suggestive of non- 
overt DIC. For less severe manifestations of DIC, a 
more complex composite score has been proposed, 
which awaits validation [43]. The PT expressed in 
seconds in the scoring system may be replaced by 
the INR, making consistency between centers and 
standardization easier [44]. The best threshold value 
for the fibrin-related marker was assessed, thereby 
improving the accuracy of the system [45]. Validation 
analyses confirm a high accuracy of the scoring sys- 
tem for the diagnosis of DIC [15, 46]. As most patients 
in the validation studies had sepsis, specific analyses 
of series of patients with distinct causal conditions 
causing DIC (e.g., patients with malignancy or 
patients with peri-partum calamities) demonstrate 
analogous results [47, 48]. The intensity of the coag- 
ulopathy as judged by this composite score is strongly 
associated with survival rates in critically ill patients 
[49]. Combining predictive intensive care measure- 
ment systems such as Acute Physiology and Chronic 
Health Evaluation (APACHE-II) with the DIC score 
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seems to be a potent method to predict the prognosis 
in DIC. Similar composite scores have been designed 
and studied in Japan [50]. The most important dis- 
crepancy between the ISTH and Japanese scores is a 
higher proportion of patients with haemato-oncologi- 
cal diseases that are diagnosed with DIC by the Japa- 
nese systems. 


Dynamic coagulation monitoring in DIC 


The diagnostic composite scores are invariably based 
on a coagulation evaluation at a fixed point in time 
(e.g., at admission). A more continuous method might 
be helpful to enhance the diagnostic power of these 
scores employing routinely available markers in con- 
sumption coagulopathies. In the ISTH score for less 
severe DIC, some tests have to be performed multiple 
times, and amelioration of one or more of these assays 
results in negative points. This ‘inclination’ scoring 
makes continuous evaluation of (imminent) DIC pos- 
sible and maybe helpful to assess the effect of thera- 
peutic interventions over time [51]. In a validation 
study in more than 800 patients, progression of coag- 
ulation abnormalities after admission was associated 
with progressive organ dysfunction and impaired sur- 
vival in critically ill patients [52]. Coagulation abnor- 
malities such as sustained prolongation of PT and 
platelets were strongly predictive for development of 
multiple organ dysfunction, impaired improvement of 
organ dysfunction, and 28-day risk of death. Combin- 
ing this algorithm to APACHE-II more strongly fore- 
casted development of multiple organ dysfunction. 


ADJUNCTIVE TREATMENT OF DIC 


State of the art treatment of patients with consump- 
tion coagulopathies is based on forceful management 
of the precipitating condition. However, adjunctive 
strategies may be required to ameliorate the coagulop- 
athy and supplement supportive care [53]. 


Transfusional options 


Thrombocytopenia and clotting factor deficiency may 
predispose for major hemorrhagic complications. Nev- 
ertheless, transfusion of plasma or platelets should not 
be prescribed based on laboratory tests only. This 
treatment option should be reserved for patients with 
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active hemorrhage or scheduled to undergo an opera- 
tion or intervention associated with bleeding or 
patients who have a high chance of hemorrhagic 
events [2]. The supposed benefit of transfusion of 
plasma, fibrinogen concentrate, cryoprecipitate, or 
platelets has never been established on methodologi- 
cally sound intervention studies but is considered to 
be sensible options in patients with serious hemor- 
rhage who have considerable hemostatic abnormali- 
ties. Transfusional strategies for low platelet counts 
usually consist of 1 or 2 units of platelet concentrate 
(five donors/unit) aiming to increase the platelet 
count to at least 20-30 x 10°/L and in patients with 
active hemorrhage or scheduled for a high-risk inter- 
vention to at least 50 x 10°/L. 


Anticoagulant treatment 


Anticoagulants to combat the hypercoagulability in 
DIC remain a matter of debate. Experimental investi- 
gations have demonstrated that heparin can to a cer- 
tain extent block the hemostatic activation in DIC. 
Randomized clinical studies to confirm an advantage 
of heparin on clinically important parameters in DIC 
are not available. Theoretically, the safety of anticoag- 
ulant strategies in patients with consumption coagul- 
opathies with a high hemorrhagic risk is debatable. A 
large randomized controlled study in patients with 
sepsis demonstrated a small benefit of heparin on 
mortality and did not show significant safety issues 
[54]. It is generally accepted that heparin is advanta- 
geous in patients with DIC due to specific clinical con- 
ditions such as metastasized malignancies, purpura 
fulminans, and major vascular abnormalities. In addi- 
tion, heparin is effective for the treatment of throm- 
bosis or embolic complications in patients with low 
grade sustained DIC. Lastly, and importantly, all rele- 
vant guidelines advocate the administration of (low 
molecular weight) heparin prophylaxis for the preven- 
tion of venous thromboembolism in ICU patients [2]. 
A new therapeutic agent that is currently under 
evaluation is human soluble thrombomodulin that is 
produced through recombinant techniques. As men- 
tioned before, thrombin binds to this molecule, which 
will then convert protein C into active protein C. In 
view of the central role of the protein C pathway in the 
pathogenesis of DIC, soluble thrombomodulin can be 
regarded as a promising candidate adjunctive drug in 


DIC [55]. In an initial controlled clinical study in 
patients with sepsis-associated coagulopathy, recombi- 
nant thrombomodulin was shown to markedly amelio- 
rate the hemorrhagic complications and laboratory 
markers compared with conventional anticoagulation. 
At present, confirmatory studies with this agent are 
executed and designed to assess the potential role of 
soluble thrombomodulin on coagulation abnormalities, 
organ dysfunction, and survival in critically ill patients. 


Infusion of physiological anticoagulants 


In view of the exhaustion of relevant physiological 
anticoagulant systems and their role in the pathogen- 
esis of consumption coagulopathies, normalization of 
the levels of these factors may be theoretically justi- 
fied. In initial clinical studies, administration of supra- 
physiological dosages of antithrombin was associated 
with a small, albeit nonsignificant survival benefit. An 
adequately powered, international, controlled clinical 
study in septic patients could not demonstrate a sig- 
nificant survival advantage in the antithrombin group 
and a post hoc analysis of all clinical studies with anti- 
thrombin also showed no decrease in the risk of 
death. However, a small but consistent (1.5-fold) 
increase in the risk of hemorrhage was seen in 
patients treated with antithrombin [56]. Of note, ret- 
rospective subcategory analyses of the studies point to 
a significant advantage of antithrombin treatment in 
patients not on heparin and with a high DIC score in 
the aforementioned composite scoring systems, but 
this finding awaits confirmation in prospective trials. 

A controlled clinical study in septic patients with 
activated protein C (APC), produced through recombi- 
nant technology, demonstrated a reduction in 28-day 
mortality [21]. Again, patients who had the most 
severe DIC had a relatively large treatment benefit 
compared with patient with no or only mild hemostatic 
abnormalities [49]. Additional studies with recombi- 
nant-activated protein C could not confirm, however, 
the efficacy of this approach and also some safety issues 
(mainly bleeding complications) were raised. A recent 
study in critically ill patients with septic shock did not 
show any advantage of activated protein C compared 
with placebo [57]. Consequently, this agent has been 
removed from the market, and relevant clinical guide- 
lines for treatment of hemostatic abnormalities in criti- 
cally ill patients have been revised [58]. 


© 2014 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem. 2014, 36, 228-236 
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CONCLUSION 


Disseminated intravascular often 
regarded as a complex clinical condition that is diffi- 
cult to diagnose in the absence of adequate and accu- 
rate laboratory tests. Indeed, there is no assay that in 
itself can ascertain or discard a diagnosis of DIC but 
composite scoring systems employing routinely avail- 
able clotting assays have shown to be valid for con- 
firming this diagnosis. The international DIC scoring 
system combines results from the number of platelets, 
the PT or INR, and an assay for fibrin degradation 
products, and not only provides a simple tool for the 


coagulation is 
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diagnosis of DIC but has also strong prognostic power. 
Novel or renewed bedside tests are becoming increas- 
ingly available but may need more clinical evaluation 
before their use can be advocated. Dynamic monitor- 
ing of clotting tests may further improve the diagnosis 
and monitoring of specific treatment. Current insights 
into the pathophysiology of consumptive coagulopa- 
thies have led to new treatment options, directed at 
the attenuation of thrombin generation or regulation 
of coagulation activation. However, the clinical benefit 
of these strategies has not yet been firmly established 
so far. 
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